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Postoperative management of anterior cruciate ligament (ACL) reconstruction has 
traditionally focused on the evaluation and intervention of musculoskeletal components 
such as range of motion and patients’ reports of function. The integumentary system can 
provide early indications that rehabilitation may be prolonged due to protracted or poor 
healing of the incision sites. Full evaluation of the reconstruction over time, including 
direction of the incisions, appearance of surgical sites, level of residual innervation, and 
health of the individual should be considered when determining time-based goals and 
plans for returning an athlete to activity. Skin care techniques should be used to minimize 
strain and promote wound healing at the surgical sites, which in turn allows for 
implementation of other interventions that target other body systems such as 
locomotion, strength training, and cardiopulmonary conditioning. The integration of the 
integumentary system with cardiovascular, neurological, and muscular systems is 
required for a successful return to activity. A multi-physiologic systems approach may 
provide a unique viewpoint when aiming to attain a greater appreciation of the 
integumentary system and its integration with other body systems following ACL 
reconstruction. The purpose of this clinical commentary is to discuss integumentary 
considerations within a multi-physiologic systems approach to human movement after 
ACL reconstruction, including an anatomical review, key elements of assessment, and 
integrated intervention strategies. 

Level of Evidence 
5 

INTRODUCTION 

In 2013, the American Physical Therapy Association (APTA) 
adopted a new vision statement that called for physical 
therapists to ‘transform society by optimizing movement to 
improve the human experience.’1 A product of this vision 
was the development of the movement system, where the 
APTA described the movement system as a term to rep-
resent the interaction of a collection of systems that ulti-
mately contribute to human movement.2 Several physical 
therapy publications (position papers, editorials, commen-
taries) have voiced support for using the movement system 

as a foundation for physical therapist practice, education, 
and research.3–6 One of the most critical elements of the 
proposed movement system model is the integration of 
physiological systems and the multi-system contributions 
to purposeful, efficient human movement. 

The integumentary system (IS) is rarely the focus of re-
habilitation after anterior cruciate ligament reconstruction 
(ACLR); however, impairments of the IS can contribute to 
deficits in other physiologic systems that lead to movement 
limitations. The IS contributes to thermoregulation during 
cardiovascular training,7 sensation for neuromuscular con-
trol,8 and fascial mobility for range of motion of the 
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Figure 1. Anatomy of the Skin 
Used with permission from Development. Jenkins BA, Lumpkin EA. Developing a sense of touch. Development. 2017;144(22):4078-4090. doi:10.1242/dev.120402 

joint.9,10 Despite traditional rehabilitation protocols that 
focus on incision site healing for approximately two 
weeks,10,11 the IS continues to contribute to an athlete’s re-
habilitation for months after surgery. These contributions 
illustrate the crucial role of the IS in supporting optimal 
movement strategies in the long term. The purpose of this 
clinical commentary is to discuss integumentary consider-
ations within a multi-physiologic systems approach to hu-
man movement after ACLR, including an anatomical review, 
key elements of assessment, and integrated intervention 
strategies. Additionally, this commentary will identify po-
tential warning signs indicative of impaired IS healing after 
ACLR. 

REVIEW OF ANATOMY 

The IS is one of the largest organs of the body. It functions 
as a structural barrier as well as providing thermoregula-
tion, sensation, and balancing of hydration and elec-
trolytes.12 Age, fitness, nutrition, and genetics all play a 
large role in the health of the skin.13 The epidermis is the 
outermost layer, followed by the dermis, the most critical 
layer in wound healing. The dermis gives the skin its 
strength and elasticity while containing superficial vessels 
and nerves. Beneath the dermis lies the third portion of the 
IS: adipose tissue. Within the subcutaneous fat, there are 
larger nerves and vascular structures.12 (Figure 1) 

Skin thickness, innervation, adnexal structures, and 
elasticity vary depending on the location in the body.13 Ar-
eas of the knee with prominent and superficial bony struc-
tures, such as the patella, tibial tuberosity, and anterior 
crest of the tibia have a mobile dermal layer that is rela-
tively inelastic with minimal fat composition.13 Subcuta-
neous bursae reduce friction between the dermis and fascia 
while Havers’ glands (“fat pads”) surround the patellar ten-
don. 

SURGICAL RECONSTRUCTION OF THE ACL 

There are currently four common surgical reconstruction 
techniques used for the ACL. The bone-patellar-tendon-
bone (BPTB), hamstring (HS), quadriceps tendon (QT), and 
allograft are the most frequently used ACLR grafts.9,14 The 

organization of the IS and the impact scarring has on the 
body varies depending on the incision site’s location, the 
depth and direction of the incision, the underlying tissues 
(muscle, fascia, tendon, bone, etc.), and the overall health 
(including blood flow and mobility) of the soft tissues being 
incised. Skin tension lines run vertically along the shin and 
horizontally at the knee.13 Scars that run contrary to the 
skin tension lines are more likely to require revision due to 
increased strain and risk of dehiscence or spread.15 A visual 
of surgical site locations and skin tension lines can be seen 
in Figure 2. 

Each of the autografts (BPTB, HS, QT) requires healing 
of the harvest site and the healing of the ACL graft includ-
ing bone, cartilage, and soft tissue remodeling.9,11 Not all 
graft sites heal at the same rate; BPTB and QT grafts re-
cover slower than HS and allografts in muscle and tendon 
strength.14,16 Despite a quicker recovery of strength, HS 
grafts and allografts have been associated with higher 
retear rates, especially in younger athletes.17 While not in-
terdependent, the healing of the fascia, harvest sites, and 
skin progress concurrently. Gradually increasing weight-
bearing and progressively increasing the resistance of ex-
ercises throughout the range of motion can simultaneously 
facilitate remodeling of the integumentary and other body 
systems, including the neuromuscular and musculoskeletal 
systems.11 Weight-bearing progression may have specific 
implications for the musculoskeletal system, given de-
creased bone mineral density has been reported across sev-
eral joints of the lower extremity.18–20 Protracted healing 
and adverse scarring can slow the athletes’ progression in 
multiple facets of rehabilitation (range of motion, locomo-
tion, strength training) due to limited range of motion and 
pain. 

Several methods exist to approximate the skin in order 
to promote healing.15 The most frequent technique after 
ACLR is closure of the dermis and subcutaneous tissue with 
absorbable sutures and reinforcement with superficial epi-
dermal sutures, steri-strips or cyanoacrylate adhesive (such 
as Dermabond; Ethicon Inc, Somerville, NJ). Surgical su-
tures that are not absorbable are typically removed within 
two weeks to prevent hash marks (a series of parallel scars 
connecting suture sites perpendicular to the incision) due 
to re-epithelialization at the suture puncture sites. Steri-
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strips or similar devices can be used to support healing once 
sutures are removed. 

ASSESSMENT OF THE INTEGUMENTARY SYSTEM 

Assessment of the IS should be performed in a clean, well 
lit room. The patient’s history, including nutrition, smoking 
history, history of previous scarring or infections, and sys-
temic conditions such as immunosuppression or diabetes 
should be noted.21 Surgical history, including length of sur-
gical procedure, should also be documented, with proce-
dures lasting over two hours at higher risk of infection.22 

Skin should be observed for incision closure and skin in-
tegrity, including areas of discoloration, edema, scarring, 
nodules, and/or scaly skin.23 Any discharge from the inci-
sion site should be noted with location, color, and smell. Ar-
eas that feel warm should be documented.22 Skin mobility 
should be assessed around the incision and any areas with 
edema or altered skin integrity should be noted. Signs of in-
fection should be recognized as localized warmth, erythema 
(redness), localized pain and/or drainage within 30 days of 
the surgery, most commonly in the first 4-10 days post-op-
eratively.22 

As the athlete progresses, the incision site should con-
tinue to be monitored. Scars can take 1 year or longer to 
mature. Gentle massage and treatments described below 
can aid in the remodeling process.24 Many athletes report 
sensation changes around the incision site.17,25,26 Sensa-
tion after ACLR can be evaluated using pain reported during 
kneeling,17 monofilaments to determine the cutaneous 
sensation detection thresholds,25 and vibratory perception 
thresholds for vibration sense.26 Proper management and 
treatment of the IS will aid in the athlete’s ability to recover 
after ACLR. 

TREATING THE INCISION SITES 

Cutaneous wounds heal in three phases: inflammatory (two 
to three days), proliferative (two to three weeks) and re-
modeling (up to 12 months). Creating an optimized envi-
ronment for wound healing allows these phases to progress 
appropriately. After surgery, the tensile strength of the skin 
progresses from 3% of normal tissue at week one to 20% 
at week three and roughly 80% at week twelve.27 Increased 
age, smoking status and other comorbidities (diabetes, nu-
tritional deficiencies, etc.) that that hinder nutrient and 
oxygen delivery to wound tissue will prolong healing.28,29 If 
the healing of the incision site is protracted due to bleeding, 
pain, infection or dehiscence, it could contribute to limita-
tions in achieving range-of-motion goals and adversely af-
fect multiple body systems.29 

The first 12 days post-operatively are the most important 
for management of the incision site and prevention of 
wound dehiscence.28,29 Wound care for the incision site is 
essential for efficient healing and prevention of infection. 
Surgical sites should be gently cleaned daily with soap and 
water followed by application of semi-occlusive hydrating 
emollients, such as petroleum jelly, and a dressing. Emol-
lients can provide a protective barrier as well as hydration 
to the healing skin.28 These interventions promote mobility 
of the IS and decrease stress on the newly developing 

Figure 2. Surgical site locations for the five most 
common graft types and how they relate to the skin 
tension lines 

1) fat pad portal sites for all grafts, including the allograft, 2) horizontal and ver-
tical quadriceps tendon grafts above the patella with a potential small secondary 
site by the pes anserine, 3&4) superior-lateral portal sites for the hamstring 
grafts with incisions by the pes anserine for the hamstring grafts, 5) large ante-
rior medial incision site for the bone patellar tendon bone graft. 

skin.29 

Patients should avoid submersion into a public water 
source such as a pool until the incision is completely closed. 
Hot tubs and other environments that pose a high risk of 
infection (lakes, rivers) should be avoided until the remod-
eling phase which starts approximately one month post-
operatively. If an infection occurs, systemic antibiotics pre-
scribed by the referring physician are considered the 
first-line treatment with subsequent operative debridement 
if the antibiotics are ineffective.30 Silicone sheets and gels, 
as well as scar massage, have shown efficacy in minimizing 
excess scar tissue formation.31 Athletes should also be en-
couraged to use sunscreen the first year post-operatively to 
protect the new skin around the incision site. 

Providers should be aware that many topical products 
used during wound care can lead to contact sensitization. 
Allergy to adhesives (as found in postoperative bandaging), 
antimicrobial products, and other agents may produce an 
inflammatory rash that can be confused with infection. It is 
important to recognize that a geometric distribution of an 
erythematous, scaly rash (typically very pruritic) with a lack 
of other infectious signs and symptoms are suggestive of 
an allergic reaction and can be treated with topical steroids 
and removal of the offending agent. 

Range of motion goals are critical to achieve during this 
time as well. However, because wound strength is lowest in 
the early period after surgery, a conservative mobility rou-
tine is advised the first weeks. Keeping the incision clean 
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and hydrated while maintaining skin mobility and promot-
ing neural regeneration of cutaneous receptors will provide 
the best results of managing the rehabilitation of the IS 
following an ACLR. Addressing underlying IS impairments 
contributes to optimizing the recovery of other physiologic 
systems after ACLR, which in turn impacts the patent’s abil-
ity to participate in movement-related interventions. 

TREATING SENSORY LOSS 

Due to the knee’s use as a kneeling structure and the so-
matosensory changes throughout the limb after ACLR, su-
perficial nerves of the knee, foot, and ankle, should be eval-
uated pre- and post-operatively. 

Locations around and below the knee may feel numb due 
to sensory nerve severance during the surgical procedure. 
These areas can remain numb for weeks, months, or years25 

after ACLR. The greatest risk for sensation impairments 
is found along the infrapatellar branch of the saphenous 
nerve. The graft’s incision site is also likely to sever super-
ficial nerves.25,32,33 Zones of the leg with decreased sensa-
tion should be identified as potential risks of other sensory 
impairments such as: burns, razor burns (or shaving in-
juries), poor thermoregulation, hypersensitivity, or altered 
proprioceptive feedback.34 The loss of the native ACL di-
minishes proprioceptive input and likely affects movement 
during functional tasks, requiring rehabilitation interven-
tions that target the neuromuscular system. 

Sensory integration training should attempt to promote 
neural regeneration by providing a gradual progression 
from non-noxious stimuli to more noxious (painful) stim-
uli, utilizing electrical stimulation and manual therapy in-
terventions to decrease pain and promote healing and mo-
bility of the skin.34 Skin care promotes an optimal 
environment for neural regeneration, starting with elec-
trical stimulation, scar massage, and regular use of emol-
lients.28,34 An easy way to progress and promote normal 
sensation, and potentially help identify neurogenic pain,35 

is for athletes to wear clothes and coverings on the injured 
leg as soon as possible. Gentle massage can also provide the 
skin sensory feedback and improve skin mobility. Concerns 
of chronic pain or hypersensitivity should be communicated 
with the physician. Conditions such as nerve entrapment, 
complex regional pain syndrome (CRPS), or chronic pain 
may require additional surgical corrections or methods of 
analgesia (nerve block or medication changes) and pain re-
duction (such as TENS) techniques to reduce the neuro-
genic pain.34,35 Progressive return to less than comfortable 
activities should be integrated into rehabilitation for sen-
sory normalization as appropriate. Kneeling is an early ex-
ample of a method to identify abnormal sensations (i.e.: 
pain) and modulating the intensity (such as moving from 
foam to hard surfaces and from quadruped to tall kneeling) 
in order to diminish the painful response. As an athlete pro-
gresses, sport-specific activities may be painful, requiring 
progressive loading or sensory integration to reduce fear-
avoidance movement patterns secondary to altered afferent 
feedback related to altered sensation and chronic pain.36 

ADDRESSING POOR SCARRING 

The two most common scars that concern patients are those 
that are stretched and atrophic and those that are thickened 
(i.e. hypertrophic or keloidal scars). Scars that stretch occur 
when tension on the wound, created by movement of un-
derlying muscles, overcomes the strength of the skin at the 
line of closure.12 These changes are most remarkable in 
the first eight weeks post-operatively and typically do not 
worsen after the twelfth week.13 Referral to dermatology or 
plastic surgery for scar revision may be warranted if the pa-
tient is displeased with the scar aesthetics. 

Hypertrophic scars and keloids are due to excess depo-
sition of collagen at the surgical site. There may be a ge-
netic predisposition for keloid formation thus inquiry into 
previous wound healing and family history of keloids is im-
portant in the preoperative period.37 Keloids and hyper-
trophic scars often are associated with pain or pruritus and 
are managed with scar massage and silicone sheets. More 
aggressive therapy includes intralesional steroid injections, 
intralesional 5-fluorouracil injections, radiation treat-
ments, and cryotherapy, among others.37,38 These are typi-
cally performed by a dermatologist or plastic surgeon. Fre-
quent conversations should be had with the surgeon with 
a potential referral warranted if symptoms interfere with 
the knee’s functional movement. As a collaborative practi-
tioner, physical therapists are able to offer a unique per-
spective on movement-related impairments and interven-
tions to optimize functional capacity and recovery after 
ACLR.2 

CONSIDERING HEALTH OF THE PATIENT 

It is important to assess patients’ underlying medical con-
ditions and behaviors as pre-existing conditions could pro-
long or complicate the healing of the incision or scar.28,29,34 

The skin of younger individuals tends to heal better than 
older adults after surgery given healthy cardiovascular sys-
tem and lack of actinic damage (damage from the sun) to 
the skin. However, these patients are more at risk for hy-
pertrophic or keloidal scars, especially if there is a family 
or personal history.39 Genetic conditions such as hypermo-
bility syndromes (i.e., Ehlers Danlos Syndrome) that alter 
the normal function of connective tissue elements (i.e. col-
lagen, elastin, etc.) predispose affected patients to the po-
tential for poor wound healing and protracted rehabilita-
tion39 and should be considered. Being prepared to address 
each patient’s potential obstacles to rehabilitation will al-
low providers to tailor programs appropriately and posi-
tively impact the recovery of multiple body systems 
throughout rehabilitation. 

CONCLUSION 

The IS contributes to success after ACLR and can provide 
an early indication of a prolonged rehabilitation process in 
certain instances, which may ultimately impact other phys-
iologic systems and the patient’s ability to participate in 
movement-related interventions. Creating incisions along 
skin tension lines, keeping the incision clean and hydrated 
with appropriate dressings, and regular close assessment 
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of wound and scar progression will improve the aesthetic 
of the scar and limit the potential for poor scar mobility. 
Furthermore, proper care of the IS can decrease the risk 
of an infection that could delay or severely dismantle the 
progress of an individual’s ACL rehabilitation. Despite be-
ing overlooked at times, the IS plays a crucial role in the 
functioning of other physiologic systems after ACLR. 
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